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By John M. R i e b e  and Joseph E. Fibs 

SUMMARY 

An exploratory investigation t o  determine the aerodpamlc  effects 
of camber on a 60° apex  delta-w5ng model has been conducted' in the 
Langley 300 MPB 7- by  l&foot  tunnel. Can ibe r  var ia t ion was acccmt 
plished through the deflection of full+pas round and 25' beveled 

- 
.I lesding+dge f laps  on a f l a d i d e d  triangular p-form w i n g .  

The mximum l i f t -drag   ra t io  f o r  the delta w b g  with no f l a p  
deflection wa8 about 8.2 for  both leading-edge &apes at a Reynolde 
number of 3 x 10 6 . ~n incream up t o  28 percent in lift-drag r a t i o  
occurred in the 0.2 t o  0.3 -1if t -coeff ic ient  range for 20° f l a p  
deflections. Flap deflections  resulted in small wing trim changes but 
did not great ly   affect   the   longi tudinal   s tabi l i ty  through the stall. 

Deflecting the leadingedge  f lap to 30° reduced the maximum 
effect ive dihedral to. about half the  f lap-neutral  value and resulted in 
negative effect ive dihed,ral below lift coefficients of 0.3. 

It has been  indicated from recent research on wing plan forms 
suitable f o r  moderate supersonic flight that the 1acFspeed longitudinal 
s t a b i l i t y  problems of the trieangular plan-form wing appear t o  be 1086 
mvere  than f o r  the conventional m p t b a c k  wfng; because of its Ugh 
taper and low aspect  ratio,  the triangular wing also has defini te  
s t ruc tura l  advantages Over the conventional swept wings. 
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Theoretical  calculations and  experfmental  studies have shown that 
such wing plan f o r m  will develop lift- ratioe at supersonic Mach 
numbers  which are suff ic ient ly  high fo r   f l i gh t ,  being, howwer, 
generally lower than those of other plan forms, Low-epeed research has 
a l s o  indicated poor landing character is t ics  of delta plan forma because 
of the   re la t ively low lift-drag ratios,  -particularly in  the high-lift 
condition. 

The results of a t h e o r e t i c d  study of triangular wings (refe- 
ence 1) and a pressure-distribution  investi@;ation  (reference 2) show 
that hi& loadings OCCUT along the leading edge of triangular win&. 
Them high loadings and their associated  adverse pressure gradients 
resu l t  in separation over the leading-edge portion of the wing and 
develop vortices that flow back  over the wfng (raferences 1 t o  5) even 
at relatively low l if ts .  

The present investigation made in  the L a g l e y  300 MFZ 7- by 
1O-foot tunnel is .a preliminary  study aimed at  increasing the l o w d p e e d  
lift-drag r a t i o  by incorporatfng camber into a 60° delta wing. Camber 
was simulated for   this   invest igat ion by deflecting full-span leading- 
edge flaps In as e f f o r t   t o  reduce the high peak pressure d o n g  the  
leading edge and thus retard the  separation  effects. The configuration 
tes ted was chosen a8 the first attempt at solving this problem became 
it approaches a conical shape, which was believed t o  be eff ic ient  i n  
unloading the lea- edge, and because of its structural simplicity 
c a p r e d   t o  other Ieading-edge f laps  considered. 

The results of the   t ea t s  are presented a B  s tssdard NACA coef- 
f i c i en t s  of forces and moments about  the  stabil i ty axes. Pitching-, 
yawing-, and rollin-nt cmff ic ien te  &re given about  the wing 
25”gBrcent-mean~rodynm.ic-chord  point  aa shown in figure 1. The 
positive  directions of forces and moments are shown in figure 2. 

The coefficients and eymbols are defined as f O l l O W 8 :  

drag coefficient (D/qS) 

c2 roll inpmment  coefficient (L /qbS! 
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The subscripts a and 4' indicate  the  factor  held  constant. 

The model wa.8 tested i n  the Langley 300 "€I 7- by I0-foot  tunnel 
on a s ingle   s t rut  as shown i n  figure 3 .  

The general arrangement of the 60° delta-King model with round and 
beveled  leading  edges is shown in   f igure 1. The w i n g  had a 60° apex 
angle and the  aspect  ratio was 2.31.  The model was made from a f l a t  
s teel   p la te  1/2 inch thick and had a fixed  beveled  trail ing edge with 
an included angle of 10'. The f l a t   a i r f o i l  was used because of simple 
construction, and, because of the prelimfnary aa-pect of the  investi- 
gation, it was fe l t  that a flat plate would suffice. The model was 
interchangeably  equipped  with e i ther  a 0.25-inch rad ius  or a beveled 
leadineedge  f lap with an included angle of 25'. Each leading-odge 
f l ap  was attached t o  the main  body of the model by means of a brass 
s t r i p   i n  the lower surface of the wing which also served as a hinge. 
For the fla-p-leflected condition,  the upper-mrface gap between the  f lap 
and the w i n g  was f i l l e d  with wax t o  a circular  contour which was 
tangent t o  the surface of the  f lap and the w i n g .  
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Test Conditione 

The tests were made in the Langley 300 MPH 7-"by l 6 f o o t  tunnel at 
dpamtc pressures of approximately 25 and 100 pounde per square foot, 
corresponding to airspeed8 of about 100 and 200 miles par hour. 
Reynolds nunibers f o r  these  airspeeds,  based cm the man aerodynamic 
chord (1.68 f t )  of the 60° delta w i n g ,  were approldmately 1.5 x lo6 
and 3.0 X lo6, respectivelg. Corresponding Mach nunibere- were 0-13 
and 0.27.' The tests were run throughout a m e  of angles of a t tack 
of OO to 4oo, and through a +O t o  20° yaw m e .  

c orrec t ions 

Blocking, Je tdoundaq ,  and ai-tre-inclinatia  corrections 
have been applied t o  the data. The jet4oundary  carrections were 
obtained from methods outlined in reference 6. These corrections are  
s t r ic t ly   appl icable  o d y  t o  of larger span and aspect ra t io .  
However, it is believed that the error i n  using the- corrections  for 
the present setup is negligible. The ef fec ts  of the support strut, 
which w e r e  determined by using an image system, ham been subtracted 
from the data; no tmes for the ef fec ts  of p w  have been applied to   t he  
yaw data. 

The aerodynamic character is t ics  in pitch of the &lo deltdng 
model w i t h  round and beveled leading+dge f laps  are presented i n  
figures 4 and 5 ,  respectively; 1fft-g ra t ios  are presented in 
figures 6 and 7. The or iginal  data for  S, = Oo ( f ig .  4( a )  ) were 
rejected because of extremely large sca t te r  of the test data result ing 

W&E l a t e r  rerun f o r  only part of the asgl-f+ttack range as shown. 
Aerodynamic characterist ics in yaw are given i n  figures 8 and 9, and 
1a te rd"s t ab i l i t y  paxameter variati~ns with lift coefficient are given 
in  figures 10 and 11. Longitudinal and l a t e ra l+ tab i l i t y  m t e r s  
determined at  a Reynold8 n-er of 3.0 X 106 are presented in table 1- 

' f rom temporary  malfunctfon of the wind4uzmel .scale system. The t e s t  
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bad-dge flaps undef1ected.- The 1if’t-cUrp-e slopes near zero 
lift coefficient  for the 60° delta wing Kith round leading edge and 
beveled leading edge, S, = Oo, were 0.046 and 0.044, respectively, at 
a Reynolds number  of 3:O X lo6. (See figs. 4(b) and 5(b).) These values 
agreed  closely with slopes predicted by Krienes theory for lowdspect- 
ra t io   highly tapered wings (fig.  5 of reference 1) and with results 
from other tests on similar plakform w i n g B  (references 4 and 5 ) .  As 
w i t h  other highly swept lar-aspect-ratio wings, the l i f t -curve slope 
was greater in the middle part of the angle-of-attack range because of 
more rapid  loading at the t i p s  result ing f r o m  strong lateral flow 
(reference 2).  The maximum l i f t  coefficient  for the round l e a d i w  
e@ a i r f o i l ,  S, = Oo, m a  about 1.28, occurring at about 3 3 O  angle 
of  attack. The beveled  leading-edge a i r fo i l ,  S, E (lo, had a m a x i m u m  
lift coefficient which was s l igh t ly  less, about 1.22 at a Reynolds number 
of 3.0 x lo6. The Reynolds nmbdr range covered i n  the  present  inres- 
t igation, 1.3 X 106 t o  3 X 106, affected ~h ~ n l y  slightly.  m e  
s imi la r i ty   in  C For the two  no88 shapes at the Reynolds numbers 
of the present  investigation m y  not hold at full-scale Reynolds 
numbers, bey.e-xcnz!zifU~-~cg@i by leadin” separation  occurs 
at both-LQh and low ~ e ~ n o & , . E  .nwn.&Fs”o~i-&p iei&i-+&eIta 
wTG-6 but only at low Re-polds numbers over round leading+d@idelta 

a win&p.. (see references 3,”5, and 7.) The manner Fn which sewrat ion 
r e s u l t s   i n  the occurrence  of vortices is discmsed in detail in 
references 3 and 5.  In es8ens8, however, t he  vortices  maintain  the 
lift t o  higher angles of a t tack by delaylng t r a i l i w d g e  separation. 
Because round leading-dge delta wings do not exhibit leading” 
separation at high RepoldB numbers, lower maximum lift coefficients 
oscur . 

k- 

.-. . 

- -  .. 
r 

Leading-edge flaps deflected.-  Deflecting the l e a d i w d g e  flaps 
resul ted  in  a progressive  decrease fn slope of the lift curve f o r  both 
leading-edge  conditions. The change i n  angle-of-zero l i f t  with f l a p  
deflection was as would  be expected  since  deflection of leading-edge 
flaps resul ts  i n  essent ia l ly  a decrease in angle of attack. Although 
flap deflection resulted i n  a decrease in  l i f t  at a l l  angles of attack, 
the w i n g  w i t h  f lap deflected gave about the same maximum lift coeffi- 
cient as the  plain King, Large-male t e s t s  on a 60’ delta wing w i t h  
biconvex airfoil  sections  (reference 8) indicated  increases  in maximum 
l i f t  coefficient w i t h  deflection of l e a d i w d g e  flaps extending almorilt 
fu l l  span w i t h  a large portion of the f lap  area near the apex. Bac t i -  
c d l y  no increases  in maxhua l i f t  coefficient up t o  200 deflection 
and large decreases after 20° deflection  occurred  for flap deflection 
confined t o  the region of the a-px. . 



NACA RM LgFlO 'I 

e 

Li f t -d rag  ratios.- Lea" flap deflections up t o  60° 
resulted in a progressive  decrease in  l i f t  coefficient at a given angle 
of a t tack below the &all, asd for   f lap  def lect ions up t o  30°, resulted 
in decreases i n  drag coefficient. The proportianal  reductions in drag, 
however, were greater than ths proportional  reductions  in l i f t  at low 
angles of attack, resulting in an increase of l i f t 4 r a g   r a t i o  at low- 
l i f t  coefficients. (See figs. 6 and 7.) The maxbum increase In lift- 
drag r a t i o  was about 28 percent,  occurring i n  the 0.2 t o  0.3 lift- 
coefficient range; L/D was about 8.2 for  the wing wlth both round and 
beveled  leading-edge f laps  at Oo and about LO .5 for the  optirmnn f l ap  
deflection, 20° for  both  leading edges at a Reynolds number 
of 3 x 106.  he v d w s  of L/D were not c r i t i c d l y  dependent 
upon f lap  def lect ion in the loo t o  300 f l apde f l ec t ion  range  and were 
generally about the S ~ R B  f o r  both leading-edge shapes. However, f l ap  
deflections of 40° and greater had 1i-q ra t ios  which were 
generally lower than those of the plain wing, The values of L/D f o r  
the present  investigation were  lcrner than,  those  obtained in other 
investigations at high Reynolde numbers. (See references 4 and 7.) 
However, according t o  reference 4, increasing Reynolds number resul ted.  
i n  an increase in lift-drag r a t i o  became of skb+€Yiction drag- 
coefficient  decrease. The lift-drag ra t ios  of reference 4 are 
aclmowledged t o  be higher than those of reference 7, probably because 
of the method of testing. IT the trend of the c m e s  u i t h  Reynolds 
nuniber is considered  (decrease in L/D ratio  with  decrease  in 
Reynolds number) with the lmr lift4rag m t i o s  of other delta4ng 
data (reference.7),  the li-g ratios f o r  the wing of the preeent 
investigation are of the right order of -tude. For several 
def le'c t ions of the beveled l e a d i v d g e  flap,. higher maxinmn lift-drag 
rat fos  were obtained at lmr Reynolds nuniber. (See f ig .  7.) It is 
not known why the   effect  of Reynolds nmiber on lif%-drag r a t i o  is 
different f r o m  that shown in  reference 4 and fram that of tb  round 
leading-edge d e l t a  wing. (See f ig .  6 .  ) 

Theoretical  considerations  (reference 1) and pressure  distributions 
(reference 2) Imlicate that delta-uing plan forms  have high negative 
peak pressures along the leading edge and spas"la3d distributions of 
e l l i p t i c a l  shape, rasulting in mlnimum'induced drag. A s  msntfoned 
previously,  separation and vortex flow originating at the apex QCCUT 
over the upper surface of the delta wing through a large part of the 
l i f t -coef f ic ien t  range. This results in  insrsased turbulence and 
profile drag. =thou& the vortex type of flow is necessary at high 
angles o f  attack  to  delay  trailfng+dge  separation and thus maintain 
high maxim lift coefficients  (reference 3 ) ,  the  vortices are 
unnecessary at lower anaes of attack. The e f fec t  of t h e   l e a d i w d g e  
f laps in increasing the l if t-drag r a t i o  (indicated  in  the  preeent  tests 
at l o w  angles of at tack) ,  probably resulted f r o m  a l lev ia t ion  of the 
leading-edge separation and the resulting  vortices, thereby giving a 



reduction i n  turbulence and profile drag. Samswhat simflax conclusion6 
were reported in  reference 9 ,  where larger l i f t -drag  ra t ios  were 
obtained by adding camber t o  a circulax plate and were a t t r ibu ted   t o  a 
reduction of vortex s e p a t i o n .  

The induced drag was already near minimum f o r  Oo flap  deflection 
(references 1 and 2), so any reduction of drag caused by a epan loading 
more nearly e l l i p t i c a l  wae probably small. Evidently, the proportional 
reduction in  the profile-drag part of the lift-drag r a t i o  was larger 
than the proportional  decrease i n  lift which Peflulted f romthe 
reduction of the high peak pressures along the leading edge. A t  
present,  these  theories lack exprlmental  verification. Reynolds 
number w i l l  a l a 0  af'fect the angle of a t tack at which leading-edge 
separation first occurs; the characterist ics of camber in 
increasing L/D may therefore be different on full.-rscale mobls  ae . 
was shown i n  reference 8. 

Ai-flow stu4ies.- In order, t o  evEtluate the reduction and  delay 
of vortex  separation mer the delta King with flap  deflection, 
addi t ional   tes ts  were made i n  the form of boundary-hyer  flow studies, 
using lampblack and benzine on the wing w i t h  beveled leadin-dge f l a p  
undeflected and deflected 20'. (See fig. 12.) The patterns shown are 
believed t o  be thoee produced by the bottom of the vortex flow 
(described i n  references 3 and 5 )  in  contact with the surface of the 
model. The naajority of the flow photographs were taken  after the 
benzine had evaporated or had been blawn from the model leaving a trace 
of the boundary air flow i n  the lampblack. However, in E- case8 
where the vortex pattern was more clearly  Indicated  during  evaporation 
there are  two photpgraphs at a given angle of attack; the p w k T a J -  
evaporation photograph always precedes the cmplet-vaporation phot- 
graph. The portion of the lampblack-benzine coating on the w i q  
affected by the  vortex flow was alw8ys t h e   f i r e t   t o  evaporate, as shown 
in   the  first photograph of some of the sets, (for example a = 80, 
f ig .  12); t h i s  early evaporation would  be v e q  udLikely i f  the pattern 
indicated on the photographs was merely cross flow. Vortices were 
also indicated by probing the model with a wool streamr. The 
streamer would rotate in and near the region of vortices  indfcated by 
the lanpblack t e s t e  and i n  a direction tarard the wing t i p  near the 
surface of the model. The height of the ~ o r t l c e e  was indicated t o  be 
euch that the core would be on a line above the wing surface, when 
viewed frcm the side, at an angle approximately equal t o  one-third the 
angle of attack, eimllar t o  that sham in  reference 5 .  

In figure 12, wlth flaps  undeflected,  the vortex pattern is very 
slight at a = 3O; and at a = 5O (the angle of at tack of 
mimum L/D, flaps 0) the vortex becomes quite evldent. As the  value 
of a is increased,  the  outline of the vortices becomes wider  and the 
inner boun-y m m e s  inward to   the  center  of the model.  With flaps 
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deflected 20°, the start of the vortex was delapd to 871 angle of 
attack of about 80. After the vortex began, it6 progression w&s very 
similar t o  the vortices progression at the lower angles of attack with 
flaps  undeflected.  Caparison of the two f lap  deflections at a given 
angle of attack indfcates a larger vortex for the flapundeflected 
conditicm. 

The results shown with the lampblack and benzine teets agree 
closely with the tuft studies sham in figures l3(a) and 13(b). In 
figure  l3(a),  with  the  flaps  undeflected, the flow first bet- rough 
at  about 2O near the apex and then the roughness  epread along the 
leading edge and progressed inward t o   t h e  center of the model as the 
m e  of attack was increased. This rough air is attributed t o  partial 
separatiop and the vortex flaw. The s t a l l  first occurred at the  t ips  
at or near an angle of attack of 27' and spread ala& the  leading edge 
and inward from the t i p s  until the model was completely s ta l led at 
a = 38O. 

In figure l3(b), with the flaps deflected  to 30° the  onset of the 
rough air flow was delayed t o  an angle of attack of 7&, where it first 
occurred along the  leading edge near  the apex. of the model. These 
results agree w i t h  those  obtained from the h g b l a c k  tes ts  in  that the 
camber delays the partial separation and the occurrence of turbulent 
vor t ices   to  a higher angle of attack. Barn the angle of attack w h e r e  
the rough air  flaw first occurred,  the  pattern of rough air and stall 
progression was  similar t o  the pattern w i t h  flaps undeflected, with 
complete s t d l  at a = 38'. 

It appears from the results of the force, lempblack, and tuft 
t e s t s  that improvement in lift-drag ra t io  may also be provided at 
higher l i f t  coefficients by delaying the start of the  vortices to still 
higher lift coefficients up t o   t he  angle of attack at which they &re 
necessary t o  prevent  trailing-edge  stall. The delay might be obtained 
by introduction of camber in the wing l e a d i w d g e   f l a p s  combined with 
more f l ap  area in the region of the apex. Higher l i f t 4 r a g   r a t i o s  at 
maxim& lift might be obtained by using s l o t s   t o  prevent tmili-dge 
stall and eliminate the apex vortices throughout the ent i re  lift range. 

Longitudinal  Stability 

The pitcung+normnt curves of figures 4 a n d .  3 gemrally  did not 
show irregularit ies as severe as those found for delta+fng models at 
high Reynolds nmbers and high angles of attack  (references 5 and 7); 
the  separation on the  subject wing started more gradually and was not 

w as abrupt as that indicated  for  the  reference -6 . 
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The mdel m a  longitudinally  stable up through the stall angle for 
both nose shapes and all flap deflections, s characterist ic generally 
founcl on deltadng models. Deflecting the f laps with either nose 
shape, varied the elope of the pitchi-nt-coefficient curve only 
s l igh t ly  and resulted i n  posit ive  incremnts iL pitching momnt. How- 
ever, the flaps would be m a t i s f a c t o r y  as a trim device because of 
the s m a l l  increlnents and because of irregular and reversed 
effectiveness for large deflectiona. The Bmall positive  increments in 
pitching moment with f lap  def lect ion probably  reaulted from an 
unloading of the l e a d w a g e  flaps; this unloading was m o r e  effective 
at  the rear part of the wing where the f l a p  area uas larger. With som 
al terat ions,  such a8 increased  f lap area near the apex, it may be 
posaible t o  desigp a f l ap  givlng no trim change. 

La tera l   S tab i l i ty  

The aerodynamic characterist ics of the delta wing i n  yaw  showed 
only mall variation with flap leadingedge shape but  generally large 
e f fec t s  of flap  deflection. (%e figs. 8 t o  U.) The lateral-  
s tab i l i ty   coef f ic ien ts   var ied   fa i r ly   l inear ly  with angle of yaw at 
loo angle of attack (figs. 8 end 91 and did not drop off in the yaw 
range tested. 

As is the usual case  for  highly swept wings of high taper, large 
changes i n  the effective dihedral C occurred throughout the lift 

range (figs. 10 and 11) ; the  parameters w e r e  dete-ed in   t he  3" t o  
5' yaw range. Negative effective  dihedral m e  present at l f f t  coef- 
f i c i en t s  above 1.04 for the wing with round leadingedge  f lap at Oo. 
The values of C for the delta wing with  beveled leadingedge f l a p  

f l a p  at Oo varied i n  a manner similar t o  those f o r  the round l e a d i q p  
edge w5ng except that the maximum value of C m a  less and negative 

effective dihedral occurred at a lower lift coefficient (0.92). 
Deflection of the nose f l a p s   t o  30° reduced the effective dihedral 
throughout the lift range for both leading-edge shapes. The maximum 
positive effective dihedral for th3 w i n g  with 30' l ead imdge  f l a p  
deflection was about half that of the Oo f lapdeflect ion  condi t ion and 
occurred at higher  angles of attack. 

2 f  

2* 

23r 

The di rec t iona l   s tab i l i ty  of the delta wing, as determined 
by Cnq, was about the 8- with o r  without camker throughout the l i f t ,  

range and increased  slightly with lift coefficient up t o  about CL = 0.8. 



NACA RM LgFlO 11 

- 
The paramter C increased  uniformly  with Uft- coeff ic ient   for  

y* 
I the   del ta  wing d t h  no c-r. Ths variat ion of C with l i f t  coer- % 

f ic ien t  f o r  both leadinwdge shapes deflected 30° showed a decrease up 
t o  about the middle of the lift range and then shared a largs increase 
with l i f t   c o e f f i c i e n t .  

Ths results of t e s t s  i n  the LangLey 300 PlIPH 7- by IO-fmt tunnel 
t o  determin8 the e f fec t  of cadmr on a f l a t -p l a t e  60* apex-angle del ta  
wing accomplished by deflection of full+- round and beveled leading- 
edge flaps  fndicated  the following conclusions: 

1. In the 0.2 t o  0.3 l i f t -coef f ic ien t  range, up t o  28 percent 
increase  in lif-ag r a t i o  wa.8 o3tained  for a 20° deflection of  ei thr 
the  beveled or round leadiwdge f lap.  

The values of lift-drag r a t i o  were n o t   c r i t i c a l l y   d e ~ e n b n t  upon 
f l a p  deflections in  t h s  range from loo to 30°. 

2. The values of C vere a h o s t  indepenbnt of nose-flap , 

deflection. The angle of a t tack f o r  m a x h m  lift increased  with  flap 
deflection. 

3. Flap  deflections  resulted in small t r im changes  but did not 
great ly   affect   the  longitudinal s t ab i l i t y ,  

Laagley Aeronautical Laboratory 
National Advisow Canrmittee f o r  Aeronautics 

Langley A i r  Force Base, Va. 
b 
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Wax 

Section A-A (With flap def lecttd) 

(a) Round leading-edge flaps. 

Figure 1.- General earrangant of 60° delta w i n g  model. 
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(b) Beveled leadingedge flaps. 

Figure 1.- Concluded. 
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Figure 2.- System of ~ t a b i l i t y  axes. Posftive valuee of  force8, moments, 
and angles are indicated by arrows. 
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(a) b a t  view. 
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(b) Rear view. 

Figure 3.- C o n c l u d e d , .  ' 
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-2 0 .z -4 .6 .8 LO I2 14 
L i f f  coe fficien f ,  C, 

. -  

fa) R X 1.5 x 10 . 
Figure 4.- Aerodynamic characterist ics in pitch of 60° delta w i n g  with 

6 

" s p a n  round leading-dge flaps. 
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Lif f coefflcteplf,. CL 

(a) Concluded. 

Figure 4.- Continued. 



NACA RM LgE'lO 

. 3 .04 

I 

716 

40 

0 

(b) R M 3.0 x lob; 

Figure 4.- Continued. 
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(b) Concluded. 

: Figure 4.- Concluded. 
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0 .z .4 .6 .8 IU 12 1.4 
LIff coe fflcim f, c- 

(a) R X 1.5 x 10 . 6 

Figure 5.- Aerodynamic characteristics in pitch of 60° delta wing with 
’ full”span beveled .leadingedge flaps. 
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(a) Concluded. 

Figure 5.- Continued.. 
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(b) R z 3.0 x 10 6 . 
Figure 5.- Continued. 
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(b) Concluded. 

Figure 5.- Concluded. 
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L i f t  coefficierd, CL 

(a) R Z 1.5 x 10 6 . 
Figure 6.- Lift - i t rag ratios of 60° delta wing w i t h  full-epan round 

leadingedge f laps.  
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(b) R S 3.0 X 10 

Figure 6.- Concluded. 
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(a) R Z 1.5 X 10 6 . 
Figure 7.- L I M a g  ratioe of 60’ delta wing with full-epan beveled 

leading-dge flaps. 
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(b) R % 3.0 X 10 . 
F i w ' e  7.- Concluded. 
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Figure 8.- Aerodynamic characteristics yaw of 60' delta w i n g  wLth fa- 
epan romk bading+Ue f h p a ;  a = loo. 
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-8 -4 0 4 6 12 16 20 
Angle of yaw, q, deg 

Figure 9.- Aerodynamic characteristics in yaw of a 60’ delta w i n g  with 
f u l l d p a n  beveled lead=hg+dge flaps; a = loo. 
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35 

Figure 10.- The lateral-tability pcrameters of a 60' d+ta wing w i t h  
fulldpan round leading-dge f laps.  
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Figure U.- The Lateral"stabi1it;g parameters of a 60' delta w i n g  u i t h  
full--span beveled leadi-dge f l a p ,  
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cc= 3O, c,=.13 

cc= 5O, c,=.22 
c - * A y -  

L-60572 
Figure 12.- Bombry-layer flaw studiee of 60° delta-wing d e l  with  

ful l -span beveled leading-edge flapa. 
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CC= 16: CL=.76 OC= 16: CL=.62 

Figure 12,- Continued. x 
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dn = 0" 

oc= 20; cL=93 

E= 20; CL=.81 
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an= 0" 

cc = 25: CL = 1.05 
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ot= 7" C,= .I9 

d= 15',CL=.51 

aL=2C0,C,= 74 

Ai I- f low directton 

Rough 

Stalled 

ol=27", C,=1.07 

d=33", C,= 124 

d=3 6', CL= 1.24 

(b) s, = 30. 

Figure 13  .- Concluded. 
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